Abstract: At present, irrigated agriculture will take place under inadequate water incompetency. In this research the interaction between deficit irrigation (DI) and spraying Jatropha shrubs grown in sandy soil with salicylic acid (SA) to have a significant impact on increasing its adoption to water-limited areas was studied. Irrigation process included three levels of water regime, DI. In the first level, soil was irrigated up to full field capacity (0.0-DI), in the second, soil was irrigated up to 0.65 of full field capacity (0.35-DI), and up to 0.4 of full field capacity for the third level, representing 0.60-DI. Also, Jatropha plants were foliar sprayed with three levels of SA as 0.0, 5.0 and 10 mM. SA application at the rate of 5 mM enhanced vegetative growth. The optimum treatment on growth characters was found when plants irrigated with fresh water at 0.35-DI without significant difference with those at 0.0-DI treatments. Also, SA application either at 5.0 or 10.0 mM resulted in negative impact on plant growth, when plants subjected to 0-DI. The obtained results indicated that, following 0.35-DI strategy, great amounts of irrigation water could be saved and reached minimally 206 L plant -1 years -1 at 2 nd year (144 m 3 feddan -1 ).
INTRODUCTION
Nowadays, in spite of deficit irrigation is extensively practiced over millions of hectares, it has not received enough mindfulness attention in research. There is a vision for remodeling water productivity in many crops and there is sufficient information for designate the best deficit irrigation scenarios for different locations. Regulated deficit irrigation in some shrubs and trees dispelled that it not only increases water productivity, but also increase producer's income (Fereres and Soriano, 2007) .
Irrigated agriculture accounts for three-quarters of global water withdrawals and therefore causes a global water scarcity. The amount of water to be withdrawn for biofuel production would increase (Hoogeveen et al., 2009) . Production of biofuel and consumption has been rapidly growing in the last few years. Water scarcity is one of the major constraints of future potential production of second generation biofuels e.g., Jatropha (Pullaiah and Bahadur, 2013) . Optimal amounts of water at the right time are crucial for ideal plant growth and production. Water use in the feedstock production phase is the biggest unknown factor when quantifying the water used in biofuel production (Jewitt et al., 2009) . Jatropha curcas (Euphorbiaceae family), is a deciduous, perennial plant; monoecious shrub and being promoted as a biofuel feedstock with common names: physic nut, curcas bean, purge nut, purging nut (Dehgan, 2012) . A low water efficiency of Jatropha when compared to other feedstock sources was reported by Rajagopal and Zilberman (2007) . J. curcas as an extremely hardy drought tolerant plant" has been promoted as ideal plant for cultivation on nonagricultural lands, thereby not competing with the lands for food production, in order to get good seed yield for oil production, the plant needs irrigation (Ahmad and Sultan, 2015) .
Drought stress can significantly reduce photosynthesis and photosynthetic pigments, and eventually lead to reduction in plant growth. Drought stress occurs when the available water in the soil is reduced and atmospheric conditions cause continuous loss of water through transpiration or evaporation (Hasanuzzaman et al., 2013) . Effect of soil moisture content on growth and yield in Jatropha was covered in some studies, Jayasundara et al. (2014) found that decreasing soil moisture content at early growth stage up to 50 -60% (depletion level) was negatively affected the vegetative plant growth. On the other hand, Pérez-Vazquez et al. (2013) found that total dry matter and chlorophyll at 40, 60 and 80% soil water content (SWC) were statistically similar. In arid regions where irrigation is the most limited factor for crop production, it is imperative to have complete information for economic production of Jatropha for maximum utilization. Similar results were obtained by Kumar and Sharma (2008) . The application of salicylic acid has reported to induce tolerance in plants to many biotic and abiotic stresses (Sahu, 2013) . Especially, the significance of salicylic acid (SA) has been increasingly recognized in improved plant abiotic stress-tolerance via plant-metabolic processes (Khan et al., 2015) . Salicylic acid has been shown to improve plant tolerance to major abiotic stresses such as drought (Fayez and Bazaid, 2014) .
Little information has been generated related to the effect of water stress on growth and yield in Jatropha. Indeed, no quantitative data on water demand. The objectives of this study was to evaluate the growth of J. curcas grown at three different levels of regular deficit irrigation, after sprayed with different rates of salicylic acid.
MATERIALS AND METHODS
A field study was carried out at the Horticultural farm, Suez Canal Univ., Egypt, from 2012 to 2013 on sandy soil and the physical and chemical properties of experimental site soil are presented in Table (1) . This experiment has been carried out at the juvenile stage of Jatropha from transplanting to the end of the second year (stage without bearing fruits). Jatropha seeds were planted directly in the soil in Mid October, 2011 at 2.5 m x 2.5 m spacing. Water Irrigation The plants were irrigated with fresh water (EC=0.32 dSm -1 ) at three levels. Chemical analysis of fresh water used was presented in Table ( 2). Irrigation management included three irrigation levels. In the first level, soil was irrigated up to full field capacity (0.0-DI), in the second; soil was irrigated up to 0.65 of full field capacity (0.35-DI), and up to 0.4 of full field capacity for the third level, representing 0.60-DI, at intervals of 3 to 4 days. Rational irrigation water requirements were calculated and have been showed in Fig (1) .
Salicylic acid application SA was dissolved in ethanol then added drop wise to water. The pH for all solutions was set at 6. In Mid March (2012), Jatropha seedlings were foliar sprayed with three levels of salicylic acid (0.0, 5.0 and 10 mM) at four-week intervals.
All plants were received N, P and K fertilizers (6:10:6) at a rate of 2.0 gL -1 . A micronutrient fertilizer was also supplement with a rate of 0.5 gL -1 . Fertilizers were applied 20 times (every 2 weeks). Antúnez (2001) ; total leaf area (TLA) according to Pérez-Harguindeguy et al. (2013) ; leaf dry weight (LDW); leaf relative water content (RWC L ) according to Yamasaki and Dillenburg (1999) . Nitrogen; phosphorus and potassium percentage in leaves Samples were taken from third leaf from the plant apex, and dried at 70°C to constant weight. Total nitrogen percentage, was determined by micro-Kjeldahl as described by Jones (2001) . Phosphorus percentage was estimated calorimetrically according by Mazumdar and Majumdar (2003) . Potassium was determined using flame photometer according to Jones (2001) .
Total Chlorophyll
Fresh leaf samples were taken from fully developed leaf (fourth leaf), then total chlorophyll were calculated as described by Porra et al. (1989) .
Data analysis
Data were subjected to ANOVA using General Linear Model. Means of interaction effects were compared using Duncan at 5% level of probability. Data were analyzed by SPSS program. As factorial experiment, treatments were performed in a randomized complete blocks design with three replications, three plants in each replicate.
RESULTS AND DISCUSSION
Vegetative properties on juvenile stage (1  st and 2   nd years) The vegetative growth of Jatropha at juvenile stage in Table ( 3) show the interaction between deficit irrigation (DI) and salicylic acid application (SA). Results indicated that most vegetative growth characters (i.e. total leaf area, leave dry weight and relative growth rate) were significantly affected by treatments, also, displayed a difference in the trends across successive years. The most effective treatment for growth characters was found when plants irrigated with fresh water at 0.35-DI without significant difference with those at 0.0-DI treatments, particularly, with SA spraying at 5.0 mM. Data indicated that, SA application either at 5.0 or 10.0 mM resulted in negative impact on plant growth, when plants subjected to 0.0-DI.
This result is in good agreement with that reported by Pérez -Vazquez et al (2013) , who found that total dry matter at 0.6, 0.4, and 0.2-DI, were statistically similar, but different from 0.9 and 0.80-DI. On the other hand, reduction in the same vegetative characters under 0.6-DI (0.4 field capacity) was agreed to somewhat with that obtained by Jayasundara et al. (2014) . Reyadh (2002) concluded that Jatropha can stand long periods of drought by shading most of its leaves to reduce transpiration loss, while Jamieson et al. (1995) and Najafian et al. (2009) reported that in case of water shortage, stomata closure, resulting in decreased transpiration. Salicylic acid is a central compound in the defense of closing stomata in several species. Jatropha species is easy to establish as it has a fast growth, requires minimal amounts of water and survives in poor soils (Valdes et al., 2011) . High temperatures which happened several times may led to high water consumption compared to what happened for evapotranspiration (ET 0 ) values. The present study suggests that SA exogenous application may help reduce the adverse effects of drought in Jatropha plants. Data clearly showed that foliar spraying of plants with different SA concentrations improved different growth traits (Table 3) . Foliar-applied SA-increased growth characteristics in Jatropha plants was similarly observed earlier for some herbaceous plants (Saruhan et al., 2012; Fayez and Bazaid, 2014) . The ability of SA to increase plant dry mass, alleviating the adverse effect of DI stress, may have substantial contributions in improving plant growth and overcoming the yield barrier resulting from adverse conditions. Nitrogen; phosphorus; potassium and total chlorophyll in leaves (2 nd years) Data in Table ( 4) indicates that P% was higher with 0.35-DI than 0.0 or 0.6-DI under all levels of SA. N% data indicated that the most effective treatment was found when Jatropha sprayed with 5.0 mM SA under irrigation with water 0.35 DI; also it is noted from Table (4) that K % with 10.0 mM SA treatment was higher than that with 0 and 5 mM, under all levels of DI. Data obtained by Najafian et al. (2009) showed that SA treated plants had greater shoot and root dry weights, since SA increased photosynthetic rates and nutrient uptake.
Table (4): Interaction effects of deficit irrigation levels (DI) and salicylic acid (SA) concentrations on nitrogen %, phosphorus%, potassium%, and total chlorophyll content on leaves of Jatropha at juvenile stage (2 nd years) *0.0 DI = 100% soil field capacity; 0.35-D= 65% soil field capacity and 0.60-D= 40% soil field capacity
Concerning chlorophyll concentration, data indicated that the most effective treatment was found when Jatropha irrigated with water of 0.35 DI, and sprayed with 5.0 mM SA. As stress increases, chlorophyll content decreases faster than other pigments (Bannari et al., 2007) . In this concern Singh and Usha (2003) reached the conclusion that wheat plants treated with SA and subjected to water stress exhibited, in general, higher total chlorophyll content, moisture content. Also Hasan et al. (2008) concluded that SA enhanced significantly the photosynthetic parameters, chlorophyll and relative water contents under water stress. The photosynthetic pigments are important to plants. Chlorophylls are the major chloroplast Means followed by the same superscript letters are not significantly different at P<0.05 according to Duncan's multiple test components for photosynthesis, and the relative chlorophyll content presents a positive correlation with photosynthetic rate. The decrease in chlorophyll content under drought stress has been considered a typical symptom of oxidative stress and may be the result of pigment photo-oxidation and chlorophyll degradation (Bogeat-Triboulot et al., 2007) . Rao et al. (2012) conducted a study to perceive the protective role of SA in maize plants under water deficit. They concluded that relative water content, leaf membrane stability index, chlorophyll and potassium content were significantly higher in plants treated with SA. These studies confirmed the mentioned results.
Irrigation water requirements According to meteorological data, root effective depth of Jatropha, Jatropha-crop coefficient (obtained by Hokam and Abo El-Soud (2016) and soil moisture measurements were involved in obtaining the results showed in Fig (1) . Generally, results showed that water requirements for both 0.0 and 0.35-DI treatments were increased about 5 times for the second year compared to the first one. The maximum water consumption was occurred through July to October. The data listed included the actual irrigation water requirements at 0.0-DI level, could be greatly saved when applied under 0.35-DI level. Thus, under 0.35-DI level, and assuming that each feddan included 640 shrubs, 144 m 3 of water could be saved from one hectare. According to the results obtained by PerezVazquez et al. (2013) The efficiency of exogenous SA action depended on the SA concentrations getting the best result in the plants treated with 5 mM SA. Therefore, we are able to conclude that foliar application of 5 mM SA could be used as a potential chemical priming strategy to Jatropha drought tolerance
The increase in LDW after one year from DI strategy in response to SA application could be attributed to the induction of antioxidant responses that protect plant from damage (Singh and Usha, 2003) . The ability of SA to increase plant dry mass, alleviating the adverse effect of DI stress, may have substantial contributions in improving plant growth and overcoming the yield barrier resulting from adverse conditions.
Result is logic because the shortage of water supply affects various biological processes in plant such as photosynthetic efficiency, membrane stability and gas exchange characteristics, assimilates translocation, plant dry weight as well as the contents of total soluble sugar, starch, amino acids and protein etc. (Sohrabi et al., 2012; Wu et al., 2013) .
For such study conditions it is recommended to apply deficit irrigation strategy especially at 0.35 DI level in order to reduce great amounts of irrigation water. 
‫اﻟﺠﺘﺮوﻓﺎ‬ ‫ﻧﺒﺎت‬ ‫ﻧﻤﻮ‬ ‫ﻋﻠﻲ‬

